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Abstract 
The computational model for evaluation of the compatibility of two polymers used for the manufacture of polymeric materials 
has been suggested. The situation that occurs when the full and partial compatibility of the polymers takes place is analyzed. A 
design scheme was tested on mixtures of polyethylene oxide and poly(methyl methacrylate), which are fully compatible, and also 
mixtures of polystyrene and polycarbonate that are partially compatible. Found a good agreement of the experimental and 
calculated data. A design scheme can be useful for engineers involved in the manufacture of blends to create building materials. 
© 2016 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the organizing committee of the XXV Polish – Russian – Slovak Seminar “Theoretical 
Foundation of Civil Engineering”. 
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1. Main text  
The thermodynamic miscibility and phase-separated morphology are the main concerns. The method of 
solubility parameter į might be a good approach to estimate the miscibility of the blend. One of the methods of 
preliminary estimation of polymer miscibility consists of comparing values of solubility parameters for the 
components of blend į1 and į2. Therewith, it is assumed that if the condition į1 § į2 is fulfilled, the compatibility 
takes place. However, the fulfilling of such condition may not guarantee miscibility of polymers. We develop the 
approach including solubility parameters, surface energy, molar volumes, and interface tension of the components. 
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Let us suggest the calculation scheme for prediction of the compatibility of two polymers which will be based on the 
following ideas. First, we will consider one polymer in the blend as a polymer, and another one – as a «solvent», and 
calculate whether they are soluble. Then, we will consider the second component as a polymer, and the first one – as 
a «solvent», and again calculate the solubility criterions.  
We use the following criteria of solubility [1,2]: 
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 ) ; Vp  and Vs are the molar volumes of the polymer and solvent, respectively;  a = Ȗs-p/Ȗs; 
Ȗs-p is the interface tension between the polymer and the solvent, Ȗs is the surface tension of the solvent. 
Three different situations (miscible, incompatible or partially miscȝible) can be met. 
 
1. When criterion (1) is used, in turns out that, in all cases the left part of the criterion is greater than the right 
part, i.e. total incompatibility takes place. Under all cases we mean those when the polymer 1 is introduced in small 
quantities into the polymer 2 and, vice versa, the polymer 2 is introduced in small quantities into the polymer 1. 
Then the criterion of the miscibility of polymers obtains the form:  
a) at introduction of polymer 1 into the polymer 2 
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b) at introduction of polymer 2 into the polymer 1 
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where įp,1 and įp,2 are the solubility parameters of polymer 1 and 2, respectively; ¸¹
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where Vp,1 and Vp,2  are the molar volumes of polymers 1 and 2, respectively; 
2211 ,pp,pa JJ  ; 1212 ,pp,pa JJ  ,         (5) 
where   
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where Ȗp,1  and  Ȗp,2   are the values of the surface energy for polymer 1 and 2, respectively.   
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Criterions (2) and (3) mean that the polymers 1 and 2 are incompatible. 
 
2. When small quantities of the polymer 1 are implemented into polymer 2, criterion (1) indicates that both of 
polymers are miscible, i.e. 
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However, when small quantities of the polymer 2 are implemented into polymer 1, it may appear that miscibility is 
not observed, i.e. 
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For the case under consideration the dependence of the glass transition temperature on the composition is 
described in the monographs [1,2] with using of the experimental data published in [3]. The form of a dependence of 
Tg on the molar part of the second component is represented in Fig.1, curve 1.   
 
3. This situation is appropriate to the total miscibility of polymers. The miscibility criterion takes the form 
a) Polymer 1 is implemented into the polymer 2 
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b) Polymer 2 is implemented into the polymer 1 
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In this case a single glass transition temperature is displaced, and the form of a dependence of Tg on the molar 
part of the second component is represented in Fig.1, curve 1.  
 
 
Fig. 1. Dependencies of the glass transition temperature on the weight part of blended polymers. 1 – Absolutely compatible polymers, 2 – 
Partially compatible polymers corresponding criterions (7) and (8); Polymer 1 is Poly(vinyl methyl ether), Polymer 2 is Polystyrene. 
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Let us examine several examples of calculations. Compatible blends of Poly(ethylene oxide) (PEO, polymer 1) 
and Poly(methyl methacrylate) (PMMA, polymer 2).  
 
-CH2-CH2-O-           Poly(ethylene oxide) 
                                                                                Poly(methyl methacrylate) 
 
                           
The physical parameters we need for calculations are listed in Table 1 (these parameters were evaluated by the 
software Cascade, INEOS RAS): 
 
Table 1. Physical parameters for two compatible polymers. 
Polymer 
Molecular 
weight of the 
repeating unit 
Van-der-Waals 
volume, ǖ3 
Glass transition 
temperature, K; 
Tg,calc/ Tg,exp 
Molar 
volume, 
cm3/mol 
Solubility 
parameter, 
(J/cm3)0.5 
Surface 
tension, 
mN/m 
PEO (Polymer 1) 44.1 43.7 204/212 40.7 18.9 29.8 
PMMA (Polymer 2) 100 96.4 377/377 85.3 19.1 30.6 
 
The criterions (9) and (10) are calculated by the software Cascade. 
For criterion (9) when polymer 1 is the “polymer” and polymer 2 is the “solvent” we have ȝ1 = 0.98 < 
2ȡȕ1 = 1.33. The polymers under consideration are miscible because ȝ1 < 2ȡȕ1. The interface tension is very small 
and equals to 0.91 mN/m. For criterion (10) when polymer 2 is the “polymer” and polymer 1 is the “solvent” we 
have ȝ2 = 1.02 < 2ȡȕ2 = 1.29. The polymers display total miscibility because in given case also ȝ2 < 2ȡȕ2.  
The dependence of the glass transition temperature on the molar part Įm,2 of the polymer 2 for compatible blends 
is described by the following simplified relation [1,2]: 
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iV  are the Van-der-Waals volumes of the repeating unit of polymer 1 and 2, 
respectively; Tg,1 and Tg,2 are the glass transition temperatures for polymer 1 and 2, respectively.  
If we use the calculated values of Tg,1 and Tg,2 , substituting all the parameters into formula (11) we obtain 
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If we use the experimental values of Tg,1 and Tg,2 , substituting all the parameters into formula (11) we obtain 
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Taking into consideration that molar part  Įm  and weigh part  Įw  are related by the following formula 
C
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(M1 and M2 are the molecular weights of the repeating units of polymer 1 and polymer 2, respectively), and 
substituting (14) into (12) and (13) we obtain 
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The relations (15) and (16) represent the dependencies of the glass transition temperature on the weight part of 
polymer 2. The dependencies of Tg on weight part of polymers 2 are displayed in Fig. 2.  
 
Fig. 2. Dependencies of the glass transition temperature Tg on the weight part of Poly(methyl methacrylate) Įw,2. 1 –dependence calculated 
without any experimental data; 2 – the experimental values of Tg for the components were used; 3 – experimental points [3]. 
 
455 T.A. Matseevich et al. /  Procedia Engineering  153 ( 2016 )  450 – 455 
It can bee seen that a good agreement between the calculated and experimental data takes place.  
  
Conclusion. 
The suggested computational model allows to assess the compatibility of the polymers used for the manufacture 
of polymeric materials, and also to assess the dependency of the softening temperature on the concentration of the 
components. To check the adequacy of the design scheme on a number of mixed polymers showed good agreement 
of the calculated and experimental data.
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